ABSTRACT. Molecular phylogeny of Ochrosia sensu lato (Ochrosia sensu stricto and Neisosperma) was investigated by maximum parsimony analysis of sequence data from chloroplast DNA (rps16 intron) and rps16 intron + Internal Transcribed Spacer (ITS). Nineteen species including two varieties (23 accessions) were defined as the ingroup, comprising ten species of Ochrosia s.str. and nine species of Neisosperma. For analysis using rps16 intron region, Rauvolfia sumatrana, R. verticillata and R. serpentina, Vinca major, and V. minor of the tribe Vinceae were used as the outgroup. The aims of this study are to evaluate the usefulness of rps16 intron to infer phylogenetic relationships within Ochrosia sensu lato and to confirm conclusions from previous analysis. In this study, rps16 region was proved to be sufficiently informative to infer phylogenetic relationships at infrageneric level. The strict consensus of most parsimonious trees produced from rps16 sequences data showed that Ochrosia species formed a monophyletic clade highly supported with 97% bootstrap value, whilst Neisosperma was paraphyletic. The Ochrosia clade was found to be nested within Neisosperma, with N.acuminata as a sister taxon to it. All Ochrosia and Neisosperma species were grouped into one clade. However, this clade was not well supported (only has 61% bootstrap value). Consequently, although the results does not contradict recognizing only one genus (Ochrosia sensu lato), but it is not convincing enough. The strict consensus tree produced from sequence data analysis using rps16 intron + ITS showed a more robust monophyletic clade of Ochrosia sensu lato, supported with 100% bootstrap value. Neisosperma -again -was found to be paraphyletic, with monophyletic clade of Ochrosia (strongly supported with 93% bootstrap value) nested within, suggesting the inclusion of Neisosperma into Ochrosia and recognition of only one genus. These findings supported our previous result, using ITS region.
As widely known, the conservative evolution of the chloroplast genome has been considered as one disadvantage for inferring phylogeny, limiting its applicability among closely related species. However, now there is growing interest in the utilization of noncoding chloroplast sequences for plant systematics studies at low taxonomic level. Noncoding regions of the chloroplast were being explored for lower level taxonomic studies under the assumption that noncoding regions should be under less functional constraint than coding regions, and should provide greater levels of variation for phylogenetic analysis (Shaw et al. 2005) .
Groups II introns comprise the majority of noncoding DNA and include the commonly sequenced regions, such as trnK/matK, the rpl16 intron, and the rps16 intron. One of the most exciting features of group II introns as phylogenetic tools is the uniformity of their structure and function. On technical level, group II introns are easily amplified and of a handy length for sequence analysis (Kelchner 2002) . Studies that employed rps16, rpl16, trnK/matK, or trnL-trnF (either alone or in combination with other region(s)) account for approximately 84% of all noncoding chloroplast DNA-based phylogenetic investigations since 1995 (Shaw et al. 2005) .
The rps16 intron region is more frequently employed at the subfamilial or tribal level, such as in Rubioideae (Anderson and Rova 1999, Bremer and Manen 2000) , A p i o i d e a e ( D o w n i e a n d K a t z -D o w n i e 1 9 9 9 ) , Calamoideae (Baker et al. 2000) , Sileneae , Gardenieae (Persson 2000), Mesechiteae (Simoes et al. 2004) , and Onagreae (Levin et al. 2004) . The region has also been employed at the generic level, such as in Dicentra and Gunnera (Wanntorp et al. 2001) . However, in the study of Gunnera, it was reported that informative characters obtained were only 46 out of 2335 (1.97%).
The delimitation of genus Ochrosia (Apocynaceae) has been so problematic. Mueller (1871) used fruit characters to discern two sections: Ochrosia section Lactaria with a massive, thick endocarp containing lateral cavities filled with spongy tissue, and Ochrosia section Echinocaryon with an endocarp split into diverging fibres. Fosberg and Sachet (1977) kept the cavity-fruited species as the true Ochrosia and resurrected the name Neisosperma Raf. for the fibrous-fruited species. In opposition to them, Leeuwenberg (1987) put cavityfruited and fibrous-fruited species together into one genus. Since that time Ochrosia -Neisosperma relationship has become a long debate. Some people follow what has been proposed by Fosberg and Sachet, and some others treat the fibrous-fruited and cavityfruited species under the same genus Ochrosia.
A phylogenetic study to resolve the long-standing question regarding Ochrosia -Neisosperma relationships, by using ITS sequencing data, has been conducted (Hendrian and Kondo 2007) . It resulted in four main hypotheses: a). Ochrosia sensu stricto is monophyletic, b). Neisosperma is paraphyletic, c). Neisosperma acuminata is a sister to Ochrosia species, d). Ochrosia sensu lato is monophyletic, and form a strongly supported clade.
The aims of this study are to evaluate the usefulness of rps16 intron to infer phylogenetic relationships within Ochrosia sensu lato (alone and in combination with ITS), and to confirm conclusions from the previous analysis. Amplification and sequencing Total genomic DNA was isolated from fresh leaf tissues, silica-dried leaf material, or from herbarium specimens using DNeasy Plant Mini Kit (Qiagen) following the manufacturer's protocol. The rps16 intron region was amplified using rpsF forward primer (5'-GTGGTAGAAAGCAACGTGCGACTT-3') and rpsR2 reverse primer (5'-TCGGGATCGAACATCA ATTGCAAC-3') . Polymerase chain reaction was performed in 20 µl, using Promega PCR Core System I (Promega) or TaKaRa Ex Taq™ (Takara Bio Inc.). Bovine Serum Albumin (BioLabs, Inc., USA) was added to the reactions. Amplification was carried out using a GeneAmp ® PCR System 2700 (Applied Biosystem). Amplification of some accessions was conducted using Takara PCR Thermal Cycler Dice version III, TP 600 (Takara Bio, Inc.). Cycling was performed with an initial denaturation step of 2 min at 95 °C, followed by 33-35 cycles of 1 min denaturation at 95 °C, 1 min annealing at 57-60 °C, and 2 min extension at 72 °C, with 5 min final extension at 72 °-C. PCR products were then run in 1.5% agarose gel, stained with ethidium bromide, and purified with the QIAquick PCR Purification Kit (Qiagen). Cycle sequencing reactions were performed using BigDye Terminator v.3.1 Cycle Sequencing Kit (Applied Biosystem), according to the manufacturer's protocol. The same primers described above were used for these reactions. Templates were purified using sodium acetate/ EDTA/ethanol precipitation method. The products were then sent to the Center for Gene Science, Hiroshima University, Japan (sequenced with Automated Sequencer 3130x/Genetic Analyzer -ABI Prism). For some accessions, products were sent to Microgen, Inc., Korea (sequenced with ABI 3730xl) Alignment and phylogenetic analysis Sequences were aligned using ClustalW (Thompson et al. 1994) and adjusted manually by eye. Regions of ambiguous alignment were excluded from analysis. The ITS sequences were compared with Alstonia scholaris (GenBank Accession no. DQ 358880) to determine boundaries of ITS1 and ITS2.
MATERIALS AND METHODS
Maximum Parsimony analysis was performed using PAUP* ver. 4.0b10 (Swofford 2002) . Informative characters were unordered and equally weighted. Uninformative characters were excluded. A heuristic search was used to obtain most parsimonious trees (MPT). Starting trees were obtained by stepwise addition, with 1000 random addition sequence replicates. Branch support was evaluated through 1000 replicates of bootstrap analysis (Felsenstein 1985 , Kitching et al. 1998 , Soltis and Soltis 2003 .
RESULTS AND DISCUSSION
DNA sequence characteristics of rps16 intron and the combined data (rps16 intron + ITS) are shown in Comparing to our previous result using ITS region, it was even more invariable than 5.8S gene, which has 173 (89.18%) constant sites. However, there were 9 informative indels found, ranging from 1 bp (at base position: 679) to 10 bp (at base position: 432 -441). Thus, total informative characters obtained were 58. This invariability is understandable because utilization of rps16 intron region is more often applied at the subfamilial or tribal level, either exclusively employed or combined with other region(s). The G+C content of rps16 intron was only 35.23%, ranging from 34.33 in N. citrodora to 35.79 in Vinca major. This value was much lower than that of ITS region, which was 63.22%. The length of rps16 intron varied from 774 bp in Vinca major to 802 bp in Neisosperma poweri, with an aligned length of 843 bp.
Parsimony analysis yielded 36 most parsimonious trees (MPT) of length 98. Ensemble consistency (CI) and retention (RI) indices were 0.94 and 0.97 respectively. The strict consensus tree has only 13 resolved nodes, all of which were supported by bootstrap values > 50% (Fig.1) .
Similar to the previous result using ITS sequences data, in this study all ingroup species (Ochrosia + Neisosperma) were also grouped into one clade (clade A), but the clade's robustness was different. In the ITS strict consensus tree, Ochrosia sensu lato clade was strongly supported with 100% bootstrap value, whilst in the rps16 strict consensus tree it was weakly supported with only 61% bootstrap value. Although the topologies were a little bit different but in general there was not any hard incongruence between the two.
Ochrosia sensu lato clade split into 2 major clades. The first one (clade B) consisted of all Ochrosia species, plus Neisosperma acuminata as the basalmost species. Ochrosia species formed a monophyletic clade, strongly supported with 97% bootstrap value (clade C). Compared to the result of our previous study using ITS region, the position of N. acuminata as sister to all Ochrosia species was consistent. However, its positionboth in ITS tree and rps16 tree -was not strongly supported. In the ITS tree it was supported with 70% bootstrap value, while in the rps16 tree the value was only 66%.
The rest of the ingroup species were placed in the second clade (clade D), resulting in paraphyletic Neisosperma.
rps16 intron + ITS sequence data The aligned length of rps16 intron + ITS sequence was 1556 bp, ranging from 1457 bp in Rauvolfia verticillata to 1487 bp in Neisosperma poweri. Variable sites found were 222 (14.27%), with 162 (10.41%) informative base substitution characters and 22 informative indels, giving 184 total informative characters. The G+C content of this sequence was 47.40%, ranging from 46.80% in Neisosperma poweri to 48.80% in Rauvolfia sumatrana.
Fourteen most parsimonious trees (MPT) of length 380 were yielded. Ensemble consistency (CI) and retention (RI) indices were 0.77 and 0.87 respectively. Seventeen resolved nodes were found on the strict consensus tree, 16 of which were supported by bootstrap values > 50% (Fig.2) .
The strict consensus tree showed that all Neisosperma a n d O c h ro s i a s p e c i e s w e r e g r o u p e d i n t o o n e monophyletic clade, strongly supported with 100% bootstrap value (clade A). All Ochrosia species formed a monophyletic clade supported with 93% bootstrap value (clade B), whilst Neisosperma again was found to be paraphyletic with N. acuminata placed as sister to all Ochrosia species.
Ochrosia clade was then split into two major subclades. Table 2 . Sequence characteristics for rps16 intron and combined data (rps16 intron + ITS) Fig.1 A strict consensus tree of 36 most parsimonious trees (length 98; CI 0.94 RI 0.97) resulting from rps16 dataset. Numbers at the nodes are bootstrap value. Bold letters in brackets are clades highlighted in the paper. Neisosperma glomerata, N. nakaiana1, N. nakaiana2, N. oppositifolia1, N. oppositifolia2, and N. oppositifolia3 were grouped into one clade, but it was not well supported (only 57% bootstrap value). In the previous study N. citrodora, N. kilneri, N. thiollierei, N. miana and N. poweri were grouped into one clade, but here the first 4 species were collapsed and formed politomies and N. poweri was found as the basalmost species within Ochrosia sensu lato clade.
Although not very convincing, the rps16 intron was p r o v e d t o b e s u ff i c i e n t l y i n f o r m a t i v e t o i n f e r phylogenetic relationships within Ochrosia sensu lato. The strict consensus tree produced 13 resolved nodes, all of which were supported by bootstrap values > 50%. However, a better result was gained from combined data of rps16 intron + ITS sequences. The results obtained from this study confirmed conclusions of previous analysis using ITS sequence data. To mention several major findings: a). All ingroup species were found to be grouped into one monophyletic clade -Ochrosia sensu lato, b). All Ochrosia species formed a monophyletic clade, c). Neisosperma was paraphyletic, and d). Ochrosia clade was nested within Neisosperma. All these findings supported the hypothesis of sinking Neisosperma into Ochrosia, and recognizing only one genus.
